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1 Introduction
self-Orthogonal designs 2-(21, 6, 4) design
10
Definition LL $X$ $v$ $B$ $X$ $k$ (
) $t$ $\lambda$
,. $D=$ $(X, B)$ t-(v, $k$ , $\lambda$) design
.. Assmus-Mattson 1
(self-Orthogonal)
Definition 12. $D$ t- $(v, k, \lambda)$ design $S_{1},$ $S_{2},$ $\cdots,$ $S_{m}$ block intersection
numbers ,. $k\equiv S_{1}\equiv S_{2}\equiv\cdot\cdot(\equiv S_{m}$ (mod2) $D$
self-Orthogonal design
self-Orthogonal design 2 (2-(7, 3, 1) design)
. block intersection number 1
,.
1 $\text{ }$ [1]
1394 2004 79-85
80
$\mathrm{A}\mathrm{a}$ 24 Witt system $W_{24}$ (5-(24, 8, 1) design) 2 $W_{24}$
derived design point-residual design 1
1: Designs obtained from a 5-(24, 8, 1) design
$W_{24},$ $W_{23},$ $W_{22},$ $PG(2,4)$ ( 4 )
No. 3, 5, 6, 8, 9, 10 self-Orthogonal
Tonchev [10]
self-Orthogonal
CRC Handbook [2] No. 9 2-(21, 7, 12) design
$10^{18}$ No. 8 2-(21, 6, 4) design
CRC Handbook 1 ( self-Orthogonal design
) Non self-Orthogonml 2-(21, 6, 4)
design 3
2 2-(21, 6, 4) design
2-(21, 6, 4) design 4 resolvable
2-design
Definition 2.1. $D$ $\{H_{1}, \cdots, H_{r}\}$
2 extended Golay
code G24, 24 Mathieu $M_{24}$
3
4 16+5 2-(16, 6, 2) design subdesign
81
$D$ $\{H_{1}, \cdots. , H_{r}\}$
$D$
$D$ $D$ resolvable 2-design
$(\begin{array}{l}R2\end{array})$ $R$ 2 $(\begin{array}{l}R2\end{array})\cross n$ $(\begin{array}{l}R2\end{array})$ $n$
Proposition 2.2. 3
$\bullet$ $(P, Q)$ : 2-(16, 6, 2) design
$\bullet$ $(P, S)$ : resolvable 2-(16, 4, 2) design
$H_{1},$
$\cdots,$ $H_{10}$ :
$\mathrm{o}(R, S)$ : $(\begin{array}{l}52\end{array})\cross 4$
$\phi$ : $(\begin{array}{l}52\end{array})arrow$ {H1, $\cdot$ . . , $H_{10}$ } $=$ {\phi (x, $y$ ) $|\{x,$ $y\}\in(\begin{array}{l}52\end{array})$ } ,,
$S’=$ { $A\cup\{x,$ $y\}|A\in\phi(x,$ $y),$ {x, $y\}\in(\begin{array}{l}52\end{array})$ } $X=P\cup R,$ $B=Q\cup S’$
. $(X, B)$ 2-(21, 6, 4) design
$P\varpi of$. |X|=21 $B\in B$ $|B|=6$
$(P, Q)$ 2-(16, 6, 2) design $(P, S)$ 2-(16, 4, 2) design $P$
2 4 $B$ $(R, S)$ $(\begin{array}{l}52\end{array})\cross 4$
$R$ 2 4 $B$ $(P, S)$ (resolvable
2-(16, 4, 2) design) $R$ 2-subsets 1
$P$ $R$ 1 2 4 $S’$
$B$ $X$ 2 4
$(X, B)$ 2-(21, 6, 4) design
$\mathrm{P}$ $\mathrm{R}$
$\mathrm{Q}$ 2-(16, 6, 2) design 0
$\mathrm{S}$ $\mathrm{r}\mathrm{e}\mathrm{s}\mathrm{o}\mathrm{l}\mathrm{v}\mathrm{a}\mathrm{b}\overline{\mathrm{l}\mathrm{e}2-(16,4,2})$ design $(\begin{array}{l}52\end{array})\cross 4$
. 2-(16, 6, 2)
design 3 resolvable
2-(16, 4, 2) design Kaski $\ddot{\mathrm{O}}\mathrm{s}\mathrm{t}\mathrm{e}\mathrm{r}\mathrm{g}^{\mathrm{o}}\mathrm{a}$rd[4]
resolvable 2-(16, 4, 2) design 325,062
$3\cross 325,062=975,1$86
.
$\backslash$. resolvable 2-(16, 4, 2) design 4
(2-(16, 4, 1) design ) subdesign
5,001
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Corollary 2.3. $(P, S)$ 2-(16, 4, 1) design subdesign $(X, B)$
Non self-Orthogonal2-(21,6, 4) design
Proof. $S=A_{1}\cup A_{2}$ (disjoint) $(P, A_{1})$ 2-(16, 4, 1) design $H_{1},$ $\cdots,$ $H_{5}$
. $B\in H_{i},$ $B’\in H_{j}(i\neq$
$|B\cap B’|=1$ $D$ self-Orthogonal design
$D$ 2 0 2 1 $R$
2-subsets 5 $|R|=5$ 1 $R$
2-subsets 4 $D$ Non self-Orthogonal design
resolvable 2-(16, 4, 2) design 4 subdesign
1.5% self-Orthogonal
2-(21, 6, 4) design 5
3 $2-(n^{2}+n+1, n+2, n)$ designs
Proposition 2.2
$n^{2}$ $n+1$
2-$(n^{2}+n+1,n +2, n)$ design
$(*)$
$\bullet$ $(P, Q)$ : $2-(n^{2}, n+2, \frac{n}{2})$ design
$\bullet$ $(P, S)$ : resolvable $2-(n^{2}, n, \frac{n}{2})$ design
$H_{1},$ $\cdots$ , H \leq :
$\mathrm{o}(R, S)$ : $(\begin{array}{l}n+12\end{array})\mathrm{x}n$
$\phi$ : $(\begin{array}{l}n+12\end{array})$ \rightarrow {H1, $\cdot$ .. , $H_{\underline{n}\mathrm{L}_{2}I}n+1$ } $=$ {\phi (x, $y$ ) $|\{x,$ $y\}\in(\begin{array}{l}n+12\end{array})$ }
$S’=$ { $A\cup\{x,$ $y\}|A\in\phi(x,$ $y),$ {x, $y\}\in(\begin{array}{l}n+12\end{array})$ } $X=P\cup R$ ,
$B=Q\cup S’$ $(X, B)$ $2-(n^{2}+n+1, n +2, n)$ design
$\mathrm{P}$ $\mathrm{R}$
-Q $2-(n^{2}, n+2, \frac{n}{2})$ design 0
$\mathrm{S}$ resolvable $2-(n^{2}, n, \frac{n}{2})$ design $(\begin{array}{l}n+12\end{array})\mathrm{x}n$
5 4 hyper o $1\mathrm{s}$ Goethals, Seidel
[3] Witt system $W_{24}$ Tonchev [10]
83
2- $(n^{2}+n+1, n +2, n)$ design




$\frac{12}{n+2}$ $n=2,4$, $10$ $\square$
$D$ 2-$(n^{2}+n+1, n +2, n)$ design $n=2$ $D$ symmetric
2-(7, 4, 2) design ( 2 complementary design)
symmetric 2-design
Definition 3.2. 2-design block intersection numbers 2
quasi-symmetric design $\circ$
Proposition 3.3. $n\neq 2$ 2-$(n^{2}+n+1, n+2, n)$ design $D$ self-Odhogonal
$D$ block intersection numbers 0 2 quasi-symmetric design
Proof. $D$ 1 $B$ $m_{i}(B)$ (mi ) $B$ $i$
Proposition 3.1 $D$ self-Orthogonal





2: The list of 2- $(n^{2}+n+1, n +2, n)$ design
$2-(n^{2}+n\underline{+1},\underline{n}+\underline{2},$ $\underline{n)}\mathrm{d}$esign
$—-=—–$ – self-0rthogona1- non
$\mathrm{s}\mathrm{e}\mathrm{l}\mathrm{f}- \mathrm{o}\mathrm{r}\overline{\mathrm{t}}\mathrm{h}\mathrm{o}\mathrm{g}\mathrm{o}\mathrm{n}\mathrm{a}\mathrm{l}$
2-(7, 4, 2) design existence (unique) non-existence
2-(21, 6, 4) design existence (unique) existence (proposition 2.2)
2-(111, 12,10) design non-existence (Sane) ?
2- $(n^{2}+n+1, n +2, n)$ design self-Orthogonal
2 2-(7, 4, 2) design 2-(21, 6, 4) design
$\mathrm{A}$
$\backslash$ 1 2 2-(111, 12,10) design $\mathrm{A}$ $\backslash$ self-Orthogonal
Proposition 3.3 quasi-symmetric design
Sane[8]
Theorem 3.4. (Sane)
10 quasi-symmet c 2-(111, 12,10)
design
10 Lam, Mckay, Swiercz and Thiel [5]
Lam, Swiercz and Thiel[6] 2
Theorem 3.5. (Lam, Mckay, Swiercz and Thiel)
10 $\mathrm{A}\backslash \text{ }$
Theorem 3.6. ($Lam_{f}$ Swiercz and Thiel)
10
Theorem 3.4 Theorem 3.5 quasi-symmetric 2-(111, 12,10) design
6 quasi-symmetric2-(111,12, 10) design TheO-
rem 3.5 Theorem 3.6
Theorem 3.6
7
Lemma 3.7. $D$ =(X, $B$) 2-(111, 12,10) design $D$ self-Odhogonal
$B\in B$ $|B$ $\mathrm{Y}|=0$ 2 $X$ 11
$\mathrm{Y}$






Non self-Orthogonal 2-(111, 12,10) design $\mathrm{A}$ 2-(100, 12,5) design re-
solvable 2-(100, 10,5) design $(*)$ Non self-
orthogonal 2-(111, 12,10) design 2-(100, 12,5) design resolv-
able 2-(100, 10,5) design
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